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ABSTRACT 

A summation is given of the results of an MSC review 
of the proposed uprating of the SHe system and reduction in 
the heat leak specification f o r  the storage tank. 

The tank cannot be uprated due to structural limi- 
tations. The heat leak specification cannot; be reduced until 
adequate flight data is acquired and analyzed to confirm the 
tank flight thermal environment. 

The present system s t a n d b y  lifetime capability is 
131.33 hours compared to a mission requirement of 1-31.0 
hours. 
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INTRODUCTION 

The LM supercritical helium (SHe) system continues 
to be a constraining factor in lunar mission planning because 
of its limited standby life capability. The standby 1ij-e is 
the maximum time available from "topoff" of the SHe system 
during pad operations until the maximum allowable operating 
pressure of the tamk is reached. It is a direct function of 
the rate of pressure rise within the tank from heat leak and 
the maximum tank pressure, which if exceeded, will result in 
the operation of the tank pressure relief system, either after 
descent engine firing or at some later time from ccntinued 
heat leak. Either case results in the loss of descent engine 
operational capability. Requirements for pad servicing opera- 
tions, countdown strategy (built-in holds) and the mission 
time line presently approach or exceed the design limit of 
the system standby lifetime. 

This memorandum summarizes the results of an MSC 
review of the proposed recommendation f o r  uprating the SHe 
system and presents the present status of mission requirements 
versus system capabilities. 

SHe SYSTEM UPRATING 

Reference 1 was a summary of SHe system capabilities 
and lunar mission requirements and included a p~oposal for 
uprating the present system to provide additional standby 
time. At that time, the system standby lifetime was pro- 
jected to be 160 hours. 
a rate of pressure rise within the SHe tank of 9 psia/hi- 
instead of the specificatTon number of 10 psia/hr. All 
production tanks, accepted to date, have exhibited rates of 
pressure rise due to heat 1ea.k below this number. LM-1 pad 
tests indicated a pressure rise well under 9 . 0  psia/hr for 
that system/environment. Also, a less conservative maximum 
tank pressure before system activation at Descent Orbit 
Injection (DOI) was used. 

This number was the result of using 
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The p r o p o s a l  f o r  u p r a t i n g  t h e  SHe s y s t e m  s t a n d b y  
l i f e t i m e  t o  p r o v i d e  a n  a d d i t i o n a l  34 h o u r s  i n v o l v e d  r e p r o o f i n g  
t h e  t a n k  t o  a h i g h e r  p r e s s u r e  l e v e l  and r e d e s i g n  of  t h e  p re s -  
s u r e  r e l i e f  sys t em ( b u r s t  d i s c s ) .  The u p r a t e d  sys t em r e q u i r e d  
r e d u c i n g  t h e  s a f e t y  f a c t o r  from 2 . 0  t o  1 . 5  d u r i n g  t h e  t e r m i n a l  
p o r t i o n  o f  t h e  s t a n d b y  p e r i o d .  

MSC has rev iewed t h e  p roposed  u p r a t i n g  of  t h e  sys t em 
and  t h e  heat  l e a k / r a t e  o f  p r e s s u r e  r i s e  s p e c i f i c a t i o n  w i t h  
t h e  f o l l o w i n g  r e s u l t s  ( r e f e r e n c e  2 )  : 

1. Heat Leak/Rate of  P r e s s u r e  Rise 

The 1 0  p s i a / h r  hea t  l eak  s p e c i f i c a t i o n  canno t  
p r e s e n t l y  be  r educed  t o  9 . 0  p s i a / h r  or l e s s  due t o  t h e  l a c k  
o f  a d e q u a t e  f l i g h t  da ta  t o  e s t a b l i s h  t h e  r e l a t i o n s h i p  between 
t h e  r a t e  o f  p r e s s u r e  r i s e  and a c t u a l  f l i g h t  thermal  e n v i r o n -  
ment .  It i s  a l s o  s t a t e d  t h a t  t h e r e  i s  l i k e l y  t o  be some 
d e g r a d a t i o n  (amount u n p r e d i c t a b l e )  o f  t h e  vacuum i n s u l a t i o n  
p r i o r  t o  t h e  s c h e d u l e d  u s e  of t h e  p r e s e n t  t a n k s .  Both G A E C  
and MSC p r o p u l s i o n  f e e l  t h a t  i t  i s  unwise t o  lower  t h e  1 0  p s i a /  
h r  s p e c i f i c a t i o n  u n t i l  adequa te  f l i g h t  d a t a  i s  a c q u i r e d .  

2 .  Maximum SIle Tank P r e s s u r e  

The maximum a l l o w a b l e  t a n k  p r e s s u r e  b e f o r e  sys t em 
a c t i v a t i o n  i s  u n d e f i n e d  a t  t h i s  t i m e .  It canno t  b e  s p e c i f i e d  
u n t i l  t h e  DPS d u t y  c y c l e  ( f i r s t  b u r n  p r o f i l e )  i s  d e f i n e d .  
The c u r r e n t  es t imate  i s  1 4 0 0  p s i a .  P r e v i o u s  c a l c u l a t i o n s  o f  
s t andby  l i f e t i m e  used 1555 p s i a .  The maximum t a n k  d e s i g n  
p r e s s u r e  i s  1710 p s i a  and t h e  lower  l i m i t  on t h e  b u r s t  d i s c  
i s  1881 ps i a .  The 1 4 0 0  p s i a  l i m i t  a p p e a r s  t o  b e  c o n s e r v a t i v e  
b u t  f l i g h t  data on t h e  t a n k  H e / H e  heat  exchange r  i n  t h e  
absence  o f  a 1-G f i e l d  i s  d e s i r e d  t o  e v a l u a t e  t a n k  p r e s s u r e  
c h a r a c t e r i s t i c s  d u r i n g  t h e  i n i t i a l  b u r n .  LM-1 d i d  n o t  
c o n t r i b u t e  any s i g n i f i c a n t  data f o r  such  a n  e v a l u a t i o n .  

It s h o u l d  be  no ted  t h a t  t h e  s t andby  l i f e t i m e  i s  a 
d i r e c t  f u n c t i o n  of  t h e  maximum a l l o w a b l e  t a n k  p r e s s u r e  which 
i s  p a r t i a l l y  dependent  on t h e  e n g i n e  d u t y  c y c l e .  The l o n g e r  
t h e  low t h r u s t  ( 1 0  t o  20 p e r c e n t )  p o r t i o n  o f  t h e  f i r s t  b u r n ,  
t h e  lower  t h e  maximum p r e s s u r e  r e q u i r e d  a t  sys t em a c t i v a t i o n .  
A f t e r  a c t i v a t i o n ,  t h e r e  i s  an i n c r e a s e d  r a t e  o f  p r e s s u r e  r i s e  
i n  t h e  SHe t a n k - t h r o u g h  t h e  heat  t r a n s f e r  by  way of  t h e  
i n t e r n a l  H e / H e  heat exchanger .  The accompanying low r a t e  o f  
helium usage  downstream a t  low t h r u s t  l e v e l s  compounds t h e  
problem. The  i n i t i a l  low t h r u s t  p r o f i l e  i s  d i c t a t e d  by t h e  
gu idance  and c o n t r o l  sys t em i n  o r d e r  t o  s a t i s f y  t i m e  r e s p o n s e  
r e q u i r e m e n t s .  



BELLCOMM, INC. - 3 -  

2 .  SHe Tank Reproof ing/Burs t  D i sc  Des ign  

U p r a t i n g  o f  t h e  SHe sys tem r e q u i r e s  a r e p r o o f i n g  of 
t h e  t a n k s  t o  a h i g h e r  p r e s s u r e  l e v e l  and r e d e s i g n  o f  t h e  b u r s t  
d i s c  f o r  a h i g h e r  r u p t u r e  p r e s s u r e .  
n o t  p o s s i b l e  t o  r e p r o o f  t h e  t a n k s  t o  h i g h e r  p r e s s u r e  l e v e l s  
s i n c e  t h e  c u r r e n t  p r o o f  p r e s s u r e  o f  2280 p s i a  ( 1 . 3 3  x Des ign  
L i m i t )  app roaches  t h e  y i e l d  l imi t ,  of t h e  membrane of  t h e  
lower  b o s s .  U p r a t i n g  r e q u i r e s  a p r o o f  p r e s s u r e  o f  3032 ps i a .  
S c h e d u l i n g  c o n s i d e r a t i o n s  would a l s o  have been a c o n s t r a i n t  
s i n c e  SHe t a n k s  have been i n s t a l l e d  i n  v e h i c l e s  t h r o u g h  LM-6. 
I t  i s  est imated t h a t  s i x  months would b e  r e q u i r e d  t o  r e d e s i g n  
and  r e q u a l i f y  t h e  b u r s t  d i s c s  w i t h  a n o t h e r  two months r e q u i r e d  
f o r  r e t r o f i t  o f  t h e  t a n k s .  

MSC s t a t e s  t h a t  i t  i s  

MSC c o n c l u d e s  t h a t  t h e  p r e s e n t  s t andby  l i f e t i m e  
c a p a b i l i t y  o f  t h e  SHe system i s  131 .33  h o u r s .  T h i s  t i m e  
canno t  p r e s e n t l y  be  i n c r e a s e d  w i t h o u t  r e d e s i g n  or p r i o r  to 
t h e  a c q u i s i t i o n  o f  enough f l i g h t  data  t o  a c c u r a t e l y  v e r i f y  
t h e  a c t u a l  t a n k  t h e r m a l  environment  and tihe perforniance o f  
t h e  t a n k  i n t e r n a l  H e / H e  h e a t  exchanger  i n  t h e  a b s e n c e  o f  a 
1-G f i e l d .  They  do n o t  e x p e c t  t h e s e  da t a  t o  b e  a v a i l a b l e  
b e f o r e  t h e  f i r s t  l u n a r  m i s s i o n .  

SHe LUNAR MISSION REQUIREMENTS 

The SHe sys tem s t andby  l i f e t i m e  i s  p r e s e n t l y  
budgeted  between K S C  r e q u i r e m e n t s  b e g i n n i n g  a t  " t o p o f f  l1 t o  
t h e  s t a r t  of t h e  l u n a r  launch  window and MSC r e q u i r e m e n t s  
b e g i n n i n g  a t  t h e  s t a r t  o f  t h e  l a u n c h  window t o  sys t em a c t i -  
v a t i o n  a t  Descent  O r b i t  I n j e c t i o n  ( D O I ) .  
a re  l i s t e d  i n  T a b l e  1 by m i s s i o n  phase .  

T o t a l  r e q u i r e m e n t s  
These  data  i n d i c a t e  

a p r e s e n t  r e q u i r e m e n t  o f  131 .0  hour s  v e r s u s  t h e  p r e s e n t  
c a p a b i l i t y  of  131 .33  h o u r s .  

The i n s i g n i f i c a n t  d i f f e r e n c e  between m i s s i o n  r e q u i r e -  
ments  and s y s t e m  c a p a b i l i t i e s  emphas izes  t h e  f a c t  t h a t  f l e x i -  
b i l i t y  i n  pad o p e r a t i o n s  and m i s s i o n  p l a n n i n g  does  n o t  
p r e s e n t l y  e x i s t .  D e s i r a b l e  s t r a t e g i e s  f o r  countdowns and 
a l t e r n a t e  m i s s i o n  p l a n n i n g  a r e  s e v e r e l y  l i m i t e d .  

KSC pad o p e r a t i o n s  and m i s s i o n  p l a n n i n g  t i m e  l i n e s  
a re  n o t  y e t  f i r m  b u t  i t  cannot  be  assumed t h a t  a r e d u c t i o n  i n  
t h e  r e q u i r e d  t i m e  w i l l  m a t e r i a l i z e .  An i n c r e a s e  i n  t ime 
r e q u i r e m e n t s  i s  a d i s t i n c t  p o s s i b i l i t y .  

FUTURE DEVELOPMENT 

The d e s i r e d  f l e x i b i l i t y  f o r  f u t u r e  m i s s i o n  p l a n n i n g  
w i l l  r e q u i r e  a c r y o g e n i c  SHe t a n k  c a p a b l e  o f  s t a n d b y  l i f e t i m e s  
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w e l l  i n  e x c e s s  o f  t he  p r e s e n t  sys tem c a p a b i l i t i e s .  MSC has 
under  development  such  a t a n k  which has e x h i b i t e d  a s t a n d b y  
l i f e t i m e  c a p a b i l i t y  i n  excess  o f  200  h o u r s .  
f l e x i b l e  t ank  h a v i n g  no DPS d u t y  c y c l e  c o n s t r a i n t s .  It i s  
comparable  i n  weight  t o  t h e  p i e s e n t  t a n k .  

T h i s  i s  a h i g h l y  

C u r r e n t  p l a n s  i n c l u d e  t h e  f a b r i c a t i o n  and d e s i g n  
v e r i f i c a t i o n  t e s t i n g  of  a f l i g h t  weight  LM d e s c e n t  s i z e d  
t a n k .  T h i s  e f f o r t  i s  programmed t o  be  comple te  i n  2 4  months .  
MSC estimates t h a t  t h e  new SHe t a n k  c o u l d  b e  q u a l i f i e d  f o r  
f l i g h t  i n  1 5  months i f  adequa te  f u n d i n g  i s  p r o v i d e d .  

SUMMARY 

U n t i l  a d e q u a t e  f l i g h t  da ta  i s  ava i l ab ’ l e  on t h e  LM 
SHe s y s t e m  thermal envi ronment ,  t h e  p r e s e n t  s t andby  l i f e t i m e  
o f  131.33 h o u r s  canno t  be i n c r e a s e d .  MSC d o e s - n o t  e x p e c t  
t o  have s u f f i c i e n t  ,data f o r  a n a l y s i s  b e f o r e  t h e  f i r s t  lunar.  
m i s s i o n .  Assuming f a v o r a b l e  r e s u l t s  from such  an  a n a l y s i s ,  
t h e  s t a n d b y  l i f e t i m e  may reach  t h e  160 1-loui-s d i s c u s s e d  in 
r e f e r e n c e  1. 

KSC and MSC l u n a r  m i s s i o n  p l a n n i n g  i s  c o n s t r a i n e d  
b y  t h e  l i m i t e d  SHe s tandby l i f e t i m e  c a p a b i l i t y .  Margins  
p r e s e n t l y  are  n o t  adequa te  f o r  d e s i r e d  f l e x i b i l i t y  i n  coun t -  
down o p e r a t i o n s ,  i n c l u d i n g  h o l d  and r e c y c l e ,  or f l i g h t  m i s s i o n  
t i m e  l i n e s .  T h i s  c o n d i t i o n  may become c r i t i c a l  i f  i t  becomes 
n e c e s s a r y  t o  i n c r e a s e  m i s s i o n  r e q u i r e m e n t s  o r  r e b u d g e t  
p r e s e n t  c a p a b i l i t i e s  a t  some f u t u r e  d a t e .  

I f  f u t u r e  mis s ion  r e q u i r e m e n t s  exceed  these  capa-  
b i l i t i e s  (as  h y b r i d  m i s s i o n s  wou ld ) ,  t h e  hel ium t a n k  unde r  
development  a t  MSC shou ld  be a g g r e s s i v e l y  p u r s u e d .  The  
p r e s e n t  t a n k  cannot  b e  u p r a t e d  because  of  s t r u c t u r a l  
l i m i t a t i o n s .  

2032-DMD-gmp D .  M .  Duty 

Attachment  
T a b l e  1 
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